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n Aggregation events occur prior to stable intermediate
formation during refolding of interleukin 1. JM Finke, 
M Roy, BH Zimm PA Jennings (2000). Biochemistry
39, 575–583.
A point mutation, Lys97→Ile (K97I), in a surface loop in the 
β-sheet protein interleukin 1 (IL-1), exhibits increased levels of
inclusion body (IB) formation relative to the wild-type protein
(WT) when expressed in Escherichia coli. Despite the common
observation that less stable proteins are often found in IBs,
K97I is more stable than WT. The authors examined the
folding pathway of the mutant and WT proteins at pH 6.5 and
25°C with manual-mixing and stopped-flow optical
spectroscopy to determine whether changes in the properties of
transiently populated species in vitro correlate with the
observation of increased aggregation in vivo. The refolding
reactions of both proteins are described by three exponential
processes. Two exponential processes characterize fast events
(0.1–1.0 s) in folding whereas the third exponential process
correlates with a slow (70 s) single pathway to and from the
native state. The K97I replacement affects the earlier steps in
the refolding pathway. Aggregation, absent in the WT refolding
reaction, occurs in K97I above a critical protein concentration of
18 M. This observation is consistent with an initial nucleation
step mediating protein aggregation. Stopped-flow kinetic
studies of the K97I aggregation process demonstrate that K97I
aggregates most rapidly during the earliest refolding times,
when unfolded protein conformers remain highly populated
and the concentration of folding intermediates is low. Folding
and aggregation studies together support a model in which the
formation of stable folding intermediates afford protection
against further K97I aggregation.
25 January 2000, Biochemistry
n Sidechain accessibility and dynamics in the molten
globule state of α-lactalbumin: a 19F-NMR study. P Bai,
L Luo and Z-Y Peng (2000). Biochemistry 39, 372–380.
The molten globule state of α-lactalbumin (α-LA) has been
considered a prototype of partially folded proteins. Despite the
importance of molten globules in understanding the
mechanisms of protein folding and its relevance to some
biological phenomena, site-specific information on the
structure and dynamics of a molten globule is limited, largely
because of the high conformational flexibility and
heterogeneity. The authors use selective isotope labeling and
19F NMR to investigate the solvent accessibility and sidechain
dynamics of aromatic residues in the molten globule of α-LA.
Comparison of these properties with those of the native and
unfolded protein indicates that the α-LA molten globule is
highly heterogeneous; each residue has its unique solvent
accessibility and motional environment. Many aromatic
residues normally buried in the interior of native α-LA remain
significantly buried in the molten globule and the sidechain
dynamics of these residues are highly restricted. Our results
suggest that hydrophobic and van der Waals interactions
mediated by the inaccessible surface area could be sufficient to
account for all the stability of the α-LA molten globule, which
is approximately 50% of the value for the native protein.
18 January 2000, Biochemistry
n E. coli hemolysin E (HlyE, ClyA, SheA): X-ray crystal
structure of the toxin and observation of membrane
pores by electron microscopy. Alistair J Wallace, Timothy
J Stillman, Angela Atkins, Stuart J Jamieson, Per A
Bullough, Jeffrey Green and Peter J Artymiuk (2000). 
Cell 100, 265–276.
Hemolysin E (HlyE) is a novel pore-forming toxin of
Escherichia coli, Salmonella typhi, and Shigella flexneri. The
authors report the X-ray crystal structure of the water-soluble
form of E. coli HlyE and the visualization of the lipid-
associated form of the toxin in projection at low resolution by
electron microscopy. The crystal structure reveals HlyE to be
the first member of a new family of toxin structures, consisting
of an elaborated helical bundle some 100 Å long. The electron
micrographs show how HlyE oligomerizes in the presence of
lipid to form transmembrane pores.
21 January 2000, Cell
n Structural basis of preinitiation complex assembly on
human Pol II promoters. Francis TF Tsai and Paul B
Sigler (2000). EMBO J. 19, 25–36.
Transcription initiation requires the assembly of a preinitiation
complex (PIC), which is nucleated through binding of the
TATA box binding protein (TBP) to the promoter. Recent
functional studies have identified a specific seven-base-pair
TFIIB recognition element (BRE) immediately upstream of
the TATA box. The crystal structure of a human
TFIIBc–TBPc complex bound to an idealized and extended
adenovirus major late promoter reveals that human TFIIBc
binds to the promoter asymmetrically through base-specific
contacts in the major groove upstream and in the minor groove
downstream of the TATA box. Binding of TFIIBc is,
therefore, synergistic with TBPc requiring the distortion of the
TATA box. Thus, the newly described TFIIBc–DNA
interface is likely to be a key determinant for the
unidirectional assembly of a functional PIC. 
4 January 2000, The EMBO Journal
n Flexibility, conformational diversity and two
dimerization modes in complexes of ribosomal protein
L12. Markus C Wahl, Gleb P Bourenkov, Hans D Bartunik
and Robert Huber (2000). EMBO J. 19, 174–186.
Protein L12, the only multicopy component of the ribosome,
is presumed to be involved in the binding of translation
factors, stimulating factor-dependent GTP hydrolysis. 
Crystal structures of L12 from Thermotoga maritima have been
solved in two space groups. In both crystal forms, an
asymmetric unit comprises two full-length L12 molecules and
two N-terminal L12 fragments that are associated in a
specific, heterotetrameric complex with one
noncrystallographic twofold axis. The two full-length proteins
form a tight, symmetric, parallel dimer, mainly through their
N-terminal domains. Each monomer of this central dimer
additionally associates in a different way with an N-terminal
L12 fragment. 
17 January 2000, The EMBO Journal
n The eIF1A solution structure reveals a large 
RNA-binding surface important for scanning function.
John L Battiste, Tatyana V Pestova, Christopher UT Hellen
and Gerhard Wagner (2000). Mol. Cell 5, 109–119.
The translation initiation factor eIF1A is necessary for
directing the 43S preinitiation complex from the 5′ end of the
mRNA to the initiation codon in a process termed scanning.
The authors have determined the solution structure of human
eIF1A, which reveals an oligonucleotide-binding (OB) fold and
an additional domain. NMR titration experiments showed that
eIF1A binds single-stranded RNA oligonucleotides in a site-
specific, but non-sequence-specific manner, hinting at an
mRNA interaction rather than specific rRNA or tRNA binding.
The RNA-binding surface extends over a large area covering
the canonical OB fold binding site as well as a groove leading
to the second domain.
January 2000, Molecular Cell
n The crystal structure of the nuclear receptor for vitamin
D bound to its natural ligand. N Rochel, JM Wurtz, A
Mitschler, B Klaholz and D Moras (2000). Mol. Cell 5,
173–179.
The action of 1α,25-dihydroxyvitamin D3 is mediated by its
nuclear receptor (VDR), a ligand-dependent transcription
regulator. The crystal structure of the complex between a
VDR ligand-binding domain (LBD) construct, lacking the
highly variable VDR-specific insertion domain, and vitamin
D reveals the active conformation of the bound ligand. The
construct exhibits the same binding affinity for vitamin D
and transactivation ability as the wild-type protein, showing
that the N-terminal part of the LBD is essential for its
structural and functional integrity whereas the large insertion
peptide is dispensable.
January 2000, Molecular Cell
n Identification of in vivo substrates of the chaperonin
GroEL. Walld A Houry, Dmitrlj Frishman, Christoph
Eckerskorn, Friedrich Lottspeich and F Ulrich Hartl FU
(1999). Nature 402, 147–154.
The chaperonin GroEL has an essential role in mediating
protein folding in the cytosol of Escherichia coli. The authors
show that GroEL interacts strongly with a well-defined set of
approximately 300 newly translated polypeptides, including
essential components of the transcription/translation
machinery and metabolic enzymes. About one third of these
proteins are structurally unstable and repeatedly return to
GroEL for conformational maintenance. GroEL substrates
consist preferentially of two or more domains with αβ folds,
which contain α helices and buried β sheets with extensive
hydrophobic surfaces. These proteins are expected to fold
slowly and be prone to aggregation. The hydrophobic binding
regions of GroEL may be well adapted to interact with the
non-native states of αβ-domain proteins. 
11 November 1999, Nature
n DNA-bound structures and mutants reveal abasic DNA
binding by APE1 DNA repair and coordination. Clifford D
Mol, Tadahide Izumi, Sankar Mitra and John A Tainer
(2000). Nature 403, 451–456.
Non-coding apurinic/apyrimidinic (AP) sites in DNA are
continually created in cells both spontaneously and by damage-
specific DNA glycosylases. The human base excision repair
enzyme APE1 cleaves the DNA sugar–phosphate backbone at a
position 5′ of AP sites to prime DNA repair synthesis. Three 
co-crystal structures of human APE1 bound to abasic DNA show
that APE1 uses a rigid, pre-formed, positively charged surface to
kink the DNA helix and engulf the AP-DNA strand. APE1
inserts loops into both the DNA major and minor grooves and
binds a flipped-out AP site in a pocket that excludes DNA bases
and racemized β-anomer AP sites. Both the APE1 active-site
geometry and a complex with cleaved AP-DNA and Mn2+
support a testable structure-based catalytic mechanism. 
27 January 2000, Nature
n Crystal structure of the hereditary haemochromatosis
protein HFE complexed with transferrin receptor.
Melanie J Bennett, José A Lebrón and Pamela J Bjorkman
(2000). Nature 403, 46–53.
HFE is related to major histocompatibility complex (MHC)
class I proteins and is mutated in the iron-overload disease
hereditary haemochromatosis. The 2.8 Å crystal structure of a
complex between the extracellular portions of HFE and TfR
shows two HFE molecules which grasp each side of a twofold
symmetric TfR dimer. On a cell membrane containing both
proteins, HFE would ‘lie down’ parallel to the membrane,
such that the HFE helices that delineate the counterpart of the
R70 Structure 2000, Vol 8 No 3
MHC peptide-binding groove make extensive contacts with
helices in the TfR dimerization domain. 
6 January 2000, Nature
n Three-dimensional structure of the ion-coupled
transport protein NhaA. Karen A Williams (2000). Nature
403, 112–115.
Ion-coupled membrane-transport proteins, or secondary
transporters, comprise a diverse and abundant group of
membrane proteins that are found in all organisms. NhaA is a
Na+/H+ antiporter of relative molecular mass 42,000, which is
found in the inner membrane of Escherichia coli. The structure
of NhaA, at 7 Å resolution in the membrane plane and at 14 Å
vertical resolution, was determined from two-dimensional
crystals using electron cryo-microscopy. The three-dimensional
map reveals a roughly linear arrangement of six helices
adjacent to a compact bundle of six helices, with the density
for one helix in the bundle not continuous through the
membrane. The organization represents a new membrane-
protein structural motif and offers the first insights into the
architecture of an ion-coupled transport protein. 
6 January 2000, Nature
n The structural basis for tRNA recognition and
pseudouridine formation by pseudouridine synthase I.
Paul G Foster, Lixuan Huang, Daniel V Santi and Robert M
Stroud (2000). Nat. Struct. Biol. 7, 23–27.
Pseudouridine synthases catalyze the isomerization of specific
uridines to pseudouridine in a variety of RNAs, yet the basis for
recognition of the RNA sites or how they catalyze this reaction
is unknown. The crystal structure of pseudouridine synthase I
from Escherichia coli reveals a dimeric protein that contains two
positively charged, RNA-binding clefts along the surface of the
protein. Each cleft contains a highly conserved aspartic acid
located at its center. The structural domains have a topological
similarity to those of other RNA-binding proteins, although the
mode of interaction with tRNA appears to be unique.
January 2000, Nature Structural Biology
n D/H amide kinetic isotope effects reveal when
hydrogen bonds form during protein folding. BA Krantz,
LB Moran, A Kentsis and TR Sosnick (2000). Nat. Struct.
Biol. 7, 62-71.
The authors exploit a procedure to identify when hydrogen
bonds form under two-state folding conditions using equilibrium
and kinetic deuterium/hydrogen amide isotope effects.
Deuteration decreases the stability of equine cytochrome c and
the dimeric and cross-linked versions of the GCN4-p1 coiled
coil by approximately 0.5 kcal mol–1. For all three systems, the
decrease in equilibrium stability is reflected by a decrease in
refolding rates and a near equivalent increase in unfolding rates.
This apportionment indicates that approximately 50% of the
native hydrogen bonds are formed in the transition state of these
helical proteins. In contrast, an α/β protein, mammalian
ubiquitin, exhibits a small isotope effect only on unfolding rates,
suggesting its folding pathway may be different. These four
proteins recapitulate the general trend that approximately 50%
of the surface buried in the native state is buried in the
transition state, leading to the hypothesis that hydrogen-bond
formation in the transition state is cooperative, with α-helical
proteins forming a number of hydrogen bonds proportional to
the amount of surface buried in the transition state.
January 2000, Nature Structural Biology
n Mitochondria unfold precursor proteins by unraveling
them from their N termini. Shihai Huang, Kevin S Ratliff,
Michael P Schwartz, Jonathan M Spenner and Andreas
Matouschek (1999). Nat. Struct. Biol. 6, 1132–1138.
Protein unfolding is a key step in the life cycle of many
proteins, including certain proteins that are degraded by ATP-
dependent proteases or translocated across membranes. The
detailed mechanisms of these unfolding processes are not
understood. Precursor proteins are unfolded and imported into
mitochondria by a macromolecular machine that spans two
membranes and contains at least nine different proteins. The
authors examine import of a model precursor protein derived
from the ribonuclease barnase and show that mitochondria
unfold this protein by unraveling it from its N terminus.
Because barnase in free solution unfolds by a different
pathway, the results demonstrate that mitochondria catalyze
unfolding in the way that enzymes catalyze reactions, namely
by changing reaction pathways. The effectiveness of this
mechanism depends on the structure of the N-terminal part of
the precursor protein.
1 December 1999, Nature Structural Biology
n The dodecameric ferritin from Listeria innocua contains
a novel intersubunit iron-binding site. Andrea Ilari,
Simonetta Stefanini, Emilia Chiancone and Demetrius
Tsernoglou (2000). Nat. Struct. Biol. 7, 38–43.
Ferritin is characterized by a highly conserved
architecture that comprises 24 subunits assembled into a
spherical cage with 432 symmetry. The structure of the only
known exception, dodecameric ferritin from Listeria innocua,
has been determined. The Listeria 12-mer is endowed with 23
symmetry and displays the functionally relevant structural
features of the ferritin 24-mer, namely the negatively charged
channels along the threefold symmetry axes that serve for iron
entry into the cavity and a negatively charged internal cavity
for iron deposition. Twelve iron ions are located on the inner
surface of the hollow core, at the interface between monomers
related by twofold axes. The L. innocua ferritin iron site is the
first described that has ligands belonging to two different
subunits and is not contained within a four-helix bundle.
January 2000, Nature Structural Biology
n The structural basis for molecular recognition by the
vitamin B12 RNA aptamer. Django Sussman, Jay C Nix
and Charles Wilson (2000). Nat. Struct. Biol. 7, 53–57.
Previous solution structures of ligand-binding RNA aptamers
have shown that molecular recognition is achieved by the
folding of an initially unstructured RNA around its cognate
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ligand, coupling the processes of RNA folding and binding.
The crystal structure of the cyanocobalamin (vitamin B12)
aptamer reported here suggests a different approach to
molecular recognition in which elements of RNA secondary
structure combine to create a solvent-accessible docking
surface for a large, complex ligand. Central to this structure is
a locally folding RNA triplex, stabilized by a novel three-
stranded zipper. Perpendicular stacking of a duplex on this
triplex creates a cleft that functions as the vitamin B12
binding site.
January 2000, Nature Structural Biology
n Crystal structure of the human O6-alkylguanine-DNA
alkyltransferase. Jane EA Wibley, Anthony E Pegg and
Peter CE Moody (2000). Nucleic Acids Res. 28, 393–401.
The mutagenic and carcinogenic effects of simple alkylating
agents are mainly due to O6-alkylation of guanine in DNA. In
both prokaryotic and eukaryotic cells, repair is effected by
direct reversal of the damage by a suicide protein, 
O6-alkylguanine-DNA alkyltransferase, limiting the
effectiveness of certain alkylating anticancer agents. The crystal
structure of the human alkyltransferase explains the markedly
different specificities towards various O6-alkyl lesions and
inhibitors when compared with the Escherichia coli protein
which may be useful for the design of chemotherapy agents. 
15 January 2000, Nucleic Acids Research
n Inactive conformation of the serpin α1-antichymotrypsin
indicates two-stage insertion of the reactive loop:
implications for inhibitory function and conformational
disease. B Gooptu, B Hazes, W-SW Chang, TR Dafforn,
RW Carrell, RJ Read and DA Lomas (2000) Proc. Natl
Acad. Sci. USA 97, 67–72.
The serpins are a family of proteinase inhibitors that play a
central role in the control of proteolytic cascades. Their
inhibitory mechanism depends on the intramolecular
insertion of the reactive loop into β-sheet A after cleavage by
the target proteinase. Point mutations within the protein can
allow aberrant conformational transitions characterized by 
β-strand exchange between the reactive loop of one molecule
and β-sheet A of another. These loop–sheet polymers result
in diseases as varied as cirrhosis, emphysema, angio-oedema,
and thrombosis, and have recently been shown to underlie an
early-onset dementia. The biochemical characteristics and
crystal structure of a naturally occurring variant (Leu55→Pro)
of the plasma serpin α1-antichymotrypsin trapped as an
inactive intermediate are reported. The structure
demonstrates a serpin configuration with partial insertion of
the reactive loop into β-sheet A. The lower part of the sheet
is filled by the last turn of F-helix and the loop that links it to
s3A. This conformation matches that of proposed
intermediates on the pathway to complex and polymer
formation in the serpins. In particular, this intermediate,
along with the latent and polymerized conformations,
explains the loss of activity of plasma α1-antichymotrypsin
associated with chronic obstructive pulmonary disease in
patients with the Leu55→Pro mutation.
4 January 2000, Proceedings of the National Academy of
Science USA
n Solid-state synthesis and mechanical unfolding of
polymers of T4 lysozyme. Guollang Yang, Ciro Cecconi,
Walter A Baase, Ingrid R Vetter, Wendy A Breyer, Julie A
Haack, Brian W Matthews, Frederick W Dahlquist and
Carlos Bustamante (2000). Proc. Natl Acad. Sci. USA 97,
139–144.
Recent advances in single molecule manipulation methods
offer a novel approach to investigating the protein folding
problem. These studies usually are done on molecules that are
naturally organized as linear arrays of globular domains. To
extend these techniques to study proteins that normally exist
as monomers, a method of synthesizing polymers of protein
molecules in the solid state has been developed. By
introducing cysteines at locations where bacteriophage T4
lysozyme molecules contact each other in a crystal and taking
advantage of the alignment provided by the lattice, the authors
have obtained polymers of defined polarity up to 25 molecules
long that retain enzymatic activity. These polymers were then
manipulated mechanically by using a modified scanning-force
microscope to characterize the force-induced reversible
unfolding of the individual lysozyme molecules. This approach
should be general and adaptable to many other proteins with
known crystal structures. 
4 January 2000, Proceedings of the National Academy of
Science USA
n Denaturant-induced movement of the transition state
of protein folding revealed by high-pressure stopped-
flow measurements. Günter Pappenberger, Christophe
Saudan, Michael Becker, André E Merbach and Thomas
Kiefhaber T (2000). Proc. Natl Acad. Sci. USA 97, 17–22.
The small all-β protein tendamistat folds and unfolds with
two-state kinetics. The authors determined the volume
changes associated with the folding process by performing
kinetic and equilibrium measurements at variable pressure
between 0.1 and 100 MPa (1– 1000 bar). GdmCl-induced
equilibrium unfolding transitions reveal that the volume of
the native state is increased by 41.4 ± 2.0 cm3/mol relative to
the unfolded state. This value is virtually independent of
denaturant concentration. The use of a high-pressure
stopped-flow instrument enabled the activation volumes for
the refolding (∆V0f‡) and unfolding reaction (∆V0u‡) to be
measured over a broad range of GdmCl concentrations. The
volume of the transition state is 60% native-like
(∆V0f‡ = 25.0 ± 1.2 cm3/mol) in the absence of denaturant,
indicating partial solvent accessibility of the core residues.
The volume of the transition state increases linearly with
denaturant concentration and exceeds the volume of the
native state above 6 M GdmCl. This result argues for a
largely desolvated transition state with packing deficiencies
at high denaturant concentrations and shows that the
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structure of the transition state depends strongly on the
experimental conditions. 
4 January 2000, Proceedings in the National Academy of
Science USA
n From snapshot to movie: φ analysis of protein folding
transition states taken one step further. Tomas
Ternström, Ugo Mayor, Mikael Akke and Mikael Oliveberg
(1999). Proc. Natl Acad. Sci. USA 96, 14854–14859.
Kinetic anomalies in protein folding can result from changes
of the kinetic ground states (D, I and N), changes of the
protein folding transition state, or both. The 102-residue
protein U1A has a symmetrically curved chevron plot which
seems to result mainly from changes of the transition state. At
low concentrations of denaturant the transition state occurs
early in the folding reaction, whereas at high denaturant
concentration it moves close to the native structure. This
movement was used to follow continuously the formation and
growth of U1A’s folding nucleus by φ analysis. Although
U1A’s transition-state structure is generally delocalized and
displays a typical nucleation–condensation pattern, it was still
possible to resolve a sequence of folding events. However,
these events are sufficiently coupled to start almost
simultaneously throughout the transition-state structure.
21 December 1999, Proceedings of the National Academy of
Science
n Structural interactions of fibroblast growth factor
receptor with its ligands. Deborah J Stauber, Anna D
DiGabriele and Wayne A Hendrickson (2000). 
Proc. Natl Acad. Sci. USA 97, 49–54.
Fibroblast growth factors (FGFs) effect cellular responses by
binding to FGF receptors (FGFRs). FGF bound to
extracellular domains on the FGFR in the presence of
heparin activates the cytoplasmic receptor tyrosine kinase
through autophosphorylation. The authors have crystallized a
complex between human FGF1 and a two-domain
extracellular fragment of human FGFR2. The crystal
structure, determined by multiwavelength anomalous
diffraction analysis of the selenomethionyl protein, is a
dimeric assemblage of 1:1 ligand–receptor complexes. FGF is
bound at the junction between the two domains of one
FGFR, and two such units are associated through
receptor–receptor and secondary ligand–receptor interfaces.
Sulfate ion positions appear to mark the course of heparin
binding between FGF molecules through a basic region on
receptor D2 domains. This dimeric assemblage provides a
structural mechanism for FGF signal transduction.
4 January 2000, Proceedings of the National Academy of
Science USA
n The crystal structure of calcium-free human m-calpain
suggests an electrostatic switch mechanism for
activation by calcium. Stefan Strobl, Carlos Fernandez-
Catalan, Marianne Braun, Robert Huber, Hajime Masumoto,
Kazuhiro Nakagawa, Akihiro Irie, Hiroyuki Sorimachi, Gleb
Bourenkow, Hans Bartunik, Koichi Suzuki and Wolfram
Bode (2000). Proc. Natl Acad. Sci. USA 97, 588–592.
Calpains (calcium-dependent cytoplasmic cysteine
proteinases) are implicated in processes such as cytoskeleton
remodeling and signal transduction. The crystal structure of
full-length heterodimeric (80 kDa [dI–dIV] +30 kDa
[dV+dVI]) human m-calpain crystallized in the absence of
calcium reveals an oval disc-like shape, with the papain-like
catalytic domain dII and the two calmodulin-like domains
dIV+dVI occupying opposite poles, and the tumor necrosis
factor α-like β-sandwich domain dIII and the N-terminal
segments dI+dV located between. Compared with papain, the
two subdomains dIIa+dIIb of the catalytic unit are rotated
against one another by 50°, disrupting the active site and the
substrate-binding site, explaining the inactivity of calpains in
the absence of calcium. Calcium binding to an extremely
negatively charged loop of domain dIII (an electrostatic switch)
could release the adjacent barrel-like subdomain dIIb to move
towards the helical subdomain dIIa, allowing formation of a
functional catalytic center.
18 January 2000, Proceedings of the National Academy of
Science
n Direct localization of a β-subunit domain on the 
three-dimensional structure of Escherichia coli RNA
polymerase. Natacha Opalka, Rachel A Mooney,
Catherine Richter, Konstantin Severinov, Robert Landick
and Seth A Darst (2000). Proc. Natl Acad. Sci. USA 97,
617–622.
To identify the location of a domain of the β subunit of
Escherichia coli RNA polymerase (RNAP) on the three-
dimensional structure, the authors have  developed a method
to tag a nonessential surface of the multisubunit enzyme with a
protein density easily detectable by electron microscopy and
image processing. Four repeats of the IgG-binding domain of
Staphylococcus aureus protein A were inserted at position 998 of
the E. coli RNAP β subunit. The mutant RNAP supported E.
coli growth and showed no apparent functional defects in vitro.
The structure of the mutant RNAP was determined by
cryoelectron microscopy and image processing of frozen-
hydrated helical crystals. Comparison of the mutant RNAP
structure with the previously determined wild-type RNAP
structure by Fourier difference analysis at 20 Å resolution
directly revealed the location of the inserted protein domain,
thereby locating the region around position 998 of the β
subunit within the RNAP three-dimensional structure and
refining a model for the subunit locations within the enzyme.
18 January 2000, Proceedings of the National Academy of
Science
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n The structures of the neurotrophin 4 homodimer and
the brain-derived neurotrophic factor/neurotrophin 4
heterodimer reveal a common Trk-binding site.
Robert C Robinson, Czeslaw Radziejewski, Glen
Spraggon, Jason Greenwald, Mikey R Kostura, Leslie D
Burtnick, David I Stuart, Senyon Choe and Yvonne Jones
(1999). Protein Sci. 8, 2589–2597.
The neurotrophins are growth factors that are involved in the
development and survival of neurons. Neurotrophin release
by a target tissue results in neuron growth along the
neurotrophin concentration gradient, culminating in the
eventual innervation of the target tissue. The structures of
the heterodimer formed between brain-derived neurotrophic
factor (BDNF) and neurotrophin 4 (NT4), as well as the
structure of homodimer of NT4, are presented. Comparison
of the surface of a model of the BDNF homodimer with the
structures of the neurotrophin homodimers reveals common
features that may be important in the binding between the
neurotrophins and their receptors.
December 1999, Protein Science
n Structural basis of Smad2 recognition by the Smad
anchor for receptor activation. Geng Wu, Ye-Guang
Chen, Barish Ozdamar, Cassie A Gyuricza, 
P Andrew Chong, Jeffrey L Wrana, Joan Massagué 
and Yigong Shi (2000). Science 287, 92–97.
The Smad proteins mediate transforming growth factor-β
(TGFβ) signaling from the transmembrane serine-threonine
receptor kinases to the nucleus. The Smad anchor for receptor
activation (SARA) recruits Smad2 to the TGFβ receptors for
phosphorylation. The crystal structure of a Smad2 MH2
domain in complex with the Smad-binding domain (SBD) of
SARA has been determined. SARA SBD, in an extended
conformation comprising a rigid coil, an α helix, and a β strand,
interacts with the β sheet and the three-helix bundle of
Smad2. Recognition between the SARA rigid coil and the
Smad2 β sheet is essential for specificity, whereas interactions
between the SARA β strand and the Smad2 three-helix bundle
contribute significantly to binding affinity.
7 January 2000, Science
n Crystal structure of a γδ T cell receptor ligand T22: a
truncated MHC-like fold. Christer Wingren, Michael P
Crowley, Massimo Degano, Yueh-hsiu Chien and 
Ian A Wilson (2000). Science 287, 310–314.
Murine T10 and T22 are highly related nonclassical major
histocompatibility complex (MHC) class Ib proteins that bind
to certain γδ T cell receptors (TCRs) in the absence of other
components. The crystal structure of T22b reveals similarities
to MHC class I molecules, however one side of the normal
peptide-binding groove is severely truncated, allowing direct
access to the β-sheet floor. Potential γδ TCR-binding sites can
be inferred from functional mapping of T10 and T22 point
mutants and allelic variants. Thus, T22 represents an unusual
variant of the MHC-like fold and indicates that γδ and αβ
TCRs interact differently with their respective MHC ligands.
14 January 2000, Science
n The high-resolution structure of the NADP(H)-binding
component (dIII) of proton-translocating
transhydrogenase from human heart mitochondria.
Scott A White, Sarah J Peake, Sean McSweeney, Gordon
Leonard, Nick PJ Cotton and J Baz Jackson (2000).
Structure 8, 1–12.
Transhydrogenase, located in the inner membranes of animal
mitochondria, couples the transfer of reducing equivalents
between NAD(H) and NADP(H) to proton pumping. The
protein comprises three subunits termed dI, dII and dIII. The
dII component spans the membrane. The crystal structure of
the NADP(H)-binding component, dIII, of human heart
transhydrogenase comprises a single domain resembling the
classical Rossmann fold, but NADP+ binds to dIII with a
reversed orientation. Two distinctive features of the dIII
structure are helix D/loop D, which projects from the β sheet,
and loop E, which forms a ‘lid’ over the bound NADP+.
Changes in ionisation and conformation in helix D/loop D,
resulting from proton translocation through dII, are thought to
be responsible for the changes in affinity of dIII for NADP+
and NADPH that drive the reaction.
13 December 1999, Structure
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